The aim of the study was the evaluation of the influence of cadmium on protein profile of flax varieties (Linum usitatissimum L.). Linola and Norlin explants were cultured on control medium Dorothy and with addition of 25 and 75 mg/l Cd(NO 3 ) 2 . Extracts were separated on DEAE-Cellulose (20 mM Tris-HCl buffer, 0.2-1 M NaCl). Protein content was evaluated by measuring the absorbance at wavelengths 280 and 254 nm. Linola was characterized by proteins occurrence in fractions eluted by 0.4 and 0.6 M NaCl at 25 mg/l of Cd(NO 3 ) 2 , at 75 mg/l and additionally by 0.3 M NaCl. Norlin showed response in the form of proteins appeared at 0.2, 0.4, 0.5 and 0.6 M NaCl gradient at 25 mg/l of cadmium, at higher concentration in fractions eluted by 0.2, 0.5 and 0.6 M NaCl. Electrophoretic analysis showed an increase in the protein bands intensity above 60 kDa and under 52 kDa in extracts from flax cultivated with Cd(NO 3 ) 2 . Studies showed appearance of new proteins during stress condition. Flax (Linum usitatissimum L.) of the Linaceae family is an annual plant and one of the oldest fibrous plants in the world (5,000 BCE). Flax is used for food, medicines and textiles and, therefore, has been of great importance for human culture and development for more than 8,000 years. At that time, flax was generally used for fibres production, nowadays, the main production is focused on oil. Linum usitatissimum is a member of the largest genus (about 200 species) Linum in the family Linaceae comprising 22 genera and about 300 species distributed worldwide. It is believed that the center of origin of cultivated flax is the Middle East, although secondary diversity centers were identified in the Mediterranean basin, Ethiopia, Central Asia, and India [1, 2] .
group III), which form complexes with metals [20, 21] . It is believed that mainly phytochelatins, glutathione derivatives, with the structure of dipeptide (γ-GluCys)n-Gly, are synthesized by plants in response to the presence of heavy metals in the cytoplasm. Phytochelatins form complexes with heavy metals, which are then transported to the vacuole [22] [23] [24] . The molecular weight of the complex increases with the concentration of applied cadmium. In the case of plants, this mass is approximately 30 kDa, although studies indicate the presence of the complexes formed with Fe ions with a molecular mass of 180 kDa [25] . However, studies conducted on different flax varieties showed synthesis of phytochelatins in the form of individual particles of 2 kDa mass and in the form of complexes with a mass of ≥9 kDa [7] . The aim of this study was evaluation of changes in protein extracts from flax varieties grown in the presence of cadmium and identification of the variety that can be designed for the production of medicines and food.
MATERIALS AND METhODS
Apical explants of flax varieties Linola and Norlin were collected from plants grown from seed. Then explants were cultivated in photoautotrophic cultures for 6 days on Dorothy medium with addition of 0.4 ml/l kathon as a control and Dorothy medium with addition of 25 mg/l and 75 mg/l Cd(NO 3 ) 2 respectively. Isolation of proteins was made from apical explants. Plant material was homogenized with 5 ml of buffer A (20 mM Tris-HCl, pH 8.8), centrifuged at 10,000 rpm/min at 4°C (1 hour) to separate the supernatant, which constituted tested extract. Ion exchange chromatography was used, DEAE-Cellulose column was equilibrated with buffer A. Proteins were eluted using a step gradient of NaCl (respectively 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, and 1 M NaCl). The content of proteins/peptides in all fractions was evaluated by measuring absorbance at wavelengths 280 and 254 nm. In order to identify the proteins in the extract was used electrophoresis. Separation of proteins was carried out in a polyacrylamide gel under denaturing conditions according to Laemmli system (4% thickening gel and 12% separating gel) in the presence of a size marker [26] . Quantitative analysis of separated bands of selected proteins was conducted with an Image Master VDS (Image Master ® 1D Elite version 4.00 software). Computations were based on the assumption that the area of a single protein band accounts for a percentage ratio in relation to the area of all separated proteins in a given sample on gel, which constitutes 100 %.
RESuLTS AND DISCuSSION
Observations carried out at the 6 th day showed no effect of tested concentrations of Cd(NO 3 ) 2 on the development of explants, which were characterized by a 100% vitality and multiplication factor 1 (tab. 1). In the experiment, extracts were prepared from the whole plant, including both roots and stems with leaves. It is important because a number of publications indicates on the accumulation of large amounts of cadmium by flax primarily in roots and stems [5, 7, 17] . These plants during cultivation showed no signs of heavy metals toxic effects such as twisting, chlorotic discoloration and browning of leaves. These changes appeared only after prolonged cultivation, and at higher doses of cadmium. No apparent effect of low concentrations of cadmium on plants was found in the literature to confirm [7] . Electrophoretic separation of extracts obtained from explants varieties Norlin and Linola shows changes with respect to stress condition induced by cadmium in comparison to extracts obtained from control group ( fig. 1 ). Electrophoretic analysis of extracts Linola varieties grown in media supplemented with either 25 mg/l or 75mg/l Cd(NO 3 ) 2 showed a reduction in the intensity of protein bands with a molecular weight of about 60 kDa from 15.56% to 2.17% at the highest concentration of cadmium. There has been shown the increase of the band intensity of approximately 52 kDa for Linola variety grown in the control medium from 19.38% to 23.67%, and there was a slight increase in the intensity of bands less than 50 kDa from 43.55% to 46.91%. In the second variety electrophoretic separation of protein extracts becomes apparent. The reduction of the intensity of protein of approximately 60 kDa in the explants cultured on medium with a higher cadmium concentration (75 mg/l) was from 21.42% to 4.12%, while at 25 mg/l of cadmium band representing 18.08% of the total protein. At the same time was observed reduction of the protein bands intensity of approximately 52 kDa from 21.19% to 19.80% at 75 mg/l of cadmium nitrate. In the case of protein with mass lower than 50 kDa showed an increase in intensity of the bands from 38.13% to 47.18% was shown. Furthermore, for both varieties an intensity increase in the protein bands of 60 kDa under stress due to the presence of cadmium was shown. Electrophoretic analysis showed a reduction of the protein content in the range 60-52 kDa in extracts of flax variety Linola from 34.94% to 25.84% and from 42.61% in Norlin variety to 21.74% under the influence of cadmium. Addition of cadmium nitrate resulted in the appearance of new proteins, peptides or their complexes as indicated by the increase in intensity of the bands of the two varieties higher than 60 kDa. However, a similar trend in the case of bands, less than 52 kDa, suggests a formation of new peptides/proteins or degradation products of higher molecular weight proteins. More intense bands in the range of 60 kDa and less than 52 kDa in control extracts may also indicate a phytochelatins synthesis of approximately 30 kDa, which can form complexes with a higher weight [25] .
Spectrophotometric analysis of the fractions obtained by separation of extracts of variety Linola cultivated on medium containing 25 mg/l Cd(NO 3 ) 2 on a column DEAE -Cellulose ( fig. 2a) Extracts obtained from variety Norlin cultivated on control medium and medium supplemented with cadmium were also evaluated. Separation on a column of DEAE -Cellulose Norlin extract derived from a culture of 25 mg/l of cadmium showed an increase in absorbance in the fractions 9 and 10 (eluted by 0.2 M NaCl), 18, 19 and 21 (eluted by 0.4 M NaCl), in the fraction 22 (eluted by 0.5 M NaCl), and fractions 28, 30 and 36 (eluted with 0.6 M NaCl) ( fig. 3a) . In the case of the variety Norlin, absorbance related to presence of protein fractions eluted at 0.2 and 0.5 M NaCl solution, demonstrates the higher protein synthesis in response to cadmium stress than in the case of Linola variety. Analysis of fractions obtained by column separation of the Norlin extract originating from a medium containing 75 mg/l of cadmium showed an increased absorbance in the fraction 9 (eluted by 0.2 M NaCl), in fractions 23-25 (eluted with 0.5 M NaCl solution) as well as in fractions 28 and 32 (eluted with 0.6 M NaCl) ( fig. 3b) .
Previous studies carried out on the flax variety Cristal, where the seeds were germinated in the presence of 0.5 mM Cd(NO 3 ) 2 also showed the appearance of proteins in the eluted fractions by 0.3, 0.4 and 0.5 M NaCl gradient, which were not present in extracts from control seedlings [27] . Research carried out by LiChan et al. [28] on flax seed also showed appearance of complexes similar to phytochelatins in fractions eluted respectively with 0.45 and 0.5 M NaCl solution. The presence of cadmium binding complexes in several fractions eluted by 0.10, 0.25 and 0.50 M NaCl in different varieties of flax confirmed Oomah et al. [29] . In addition, flax varieties and their distance to the contamination source is important for heavy metals accumulation, migration and movement in plants. Najmanova et al. [7] demonstrated the synthesis of phytochelatins in the form of complexes with a mass of 2 kDa and higher than 9 kDa, by flax plants in the presence of cadmium. Research conducted by Bjelkova et al. [5] on different varieties of fiber flax and oil flax showed the greatest accumulation of metals in the roots which was confirmed in this study. These studies may explain the observed differences in this experiment between the two flax varieties. In addition, electrophoretic analysis indicates the presence of proteins/peptides in the extract of flax varieties Linola and Norlin cultured with cadmium. These proteins/peptides could be phytochelatins and their complexes with increased molecular weight. The occurrence of flax varieties resistant to cadmium points to the potential use in the process of phytoremediation. Differentiated response of varieties under the influence of stressor indicates the possibility of the occurrence of flax varieties more resistant to cadmium contamination. Further studies on the changes of flax protein profile during phytoremediation process requires usage of additional analysis including Western blotting and two-dimensional electrophoresis.
CONCLuSIONS
1. During the photoautotrophic cultivation of flax the influence of cadmium on the explants development was not observed. Cadmium stress symptoms such as twisting, chlorotic discoloration and browning of leaves were visible after prolonged culture at higher concentrations of cadmium. 2. Electrophoretic analysis showed an increase in the intensity of the protein bands 60 kDa and 52 kDa under the influence of cadmium in two varieties of flax. These changes may be due to degradation of proteins or phytochelatins synthesis by plants, which can form complexes with higher molecular weight. 
